Effects of NaCl addition and reduced aeration to nutrient solution on the growth of cucumber (Cucumis sativus L. cv. Asomidori No. 5) fruit were studied. NaCl was added to nutrient solution when plants had about 10 expanded leaves; the aeration treatment was started 2 days later.
Introduction
Cucumber is a moderately salt-sensitive crop (Maas and Hoffman, 1977) , but little is known about NaCl's effects on the individual fruit growth. Tazuke (1997) previously found that when the nutrient solution was aerated 5 min every 30 min from 6 a. m. to 6 p. m. and every 60 min from 6 p. m. to 6 a. m., the addition of 60 mM NaCl to a nutrient solution inhibited fruit growth much more in spring than it did in autumn, whereas adding 30 mM NaCl had little effect on fruit growth in any season; the addition of 100 mM NaCl killed the plants. These results indicate that 60 mM NaCl is close to the threshold for normal fruit growth, and that the effect of salt on fruit growth can be greatly altered by environmental factors, including temperature. Guo and Tachibana (1995) reported that cucumber plants can grow normally at dissolved oxygen concentration (DO) of nutrient solution as low as 1 mg liter-1. However, it is possible that DO could have influenced the effect of the NaCl treatment.
There are several reports on interactions between root aeration and susceptibility to NaCl. For example, the exclusion of Na by roots of Zea mays is impaired when the nutrient solution is bubbled with N2 gas (Drew and Dikumwin, 1985; Drew and Lauchli, 1985) . Thus, DO of the nutrient solution can be another factor which contributes to the seasonal difference in the susceptibility of cucumber fruit growth to NaCl in a nutrient solution.
In this experiment, the interaction between NaCl treatment and reduced aeration of nutrient solution on cucumber fruit growth was investigated in the spring and autumn. That DO is involved together with 60 mM NaCl in the seasonal difference on the fruit growth (Tazuke, 1997) 
Treatments
When the plants had about 10 expanded leaves, NaCl was added to nutrient solution so that the final concentrations were 0 and 60 mM. Aeration treatments (continuous or reduced) were started 2 days later. The frequency for the reduced aeration was 5 min every hour. The dates of treatments are shown in the figure legends. The oxygen concentration in the root medium was measured with DO meter (type UC-100M, Central Kagaku).
Analysis of fruit growth
Female flowers were hand-pollinated in the morning and the flowering date was recorded.
Fruits about 9cm long (4 ± 1 days after anthesis)
were chosen for fruit growth analysis. Fruit volume was estimated non-destructively from shape parameters, giving the accuracy within ± 3 % (Tazuke and Sakiyama, 1984) . Measurements were taken in the morning (from 8 to 9 a. m.) and in the evening (from 6 to 7 p. m. in spring and from 5 to 6 p. m. in autumn). Vegetative growth of plant
Analysis of Na, K and Cl in fruit
In the spring experiment, the heights of plants at 60 mM NaCl with reduced aeration was similar to those of the control (plants at 0 mM NaCI with continuous aeration) for 10 days from the start of treatment. Subsequently, plant growth was reduced, and some leaves became yellow. The heights of plants at 60 mM NaCl with continuous aeration and of those at 0 mM NaCl with reduced aeration were similar to those of the control for 3 weeks after treatment began. Damage was not visible in these plants.
In the autumn experiment, the heights of plants in 60 mM NaCl treatment with reduced aeration were similar to those of the control for the first 2 weeks; the yellowing of leaves seemed less intense than in the spring experiment. Heights of plants in the 60 mM NaCl with continuous aeration or at 0 mM NaCl with reduced aeration were similar to those of the control for 3 weeks after treatment began. Damage to plants was not observed.
Fruit growth
During the spring experiment, fine weather favorable for fruit growth prevailed. At 0 mM NaCl, reduced aeration had little effect on fruit elongation. At 60 mM NaCl with continuous aeration, fruit length was equal to that at 0 mM NaCl for the first 6 days after flowering, but thereafter the fruit grew much slower than that at 0 mM NaCl grew. At 60 mM NaCl with reduced aeration, growth retardation occurred much earlier (Fig. 1 ) and most fruits became malformed: the distal half of the fruit grew slower than did the proximal half.
At 0 mM NaCl with continuous aeration, the daily change in RGR was similar to that observed at 0 mM NaCl in the spring culture of the previous experiment (Tazuke, 1997) . RGR was high during the day (from 4 to 5%•hr-1) and low at night (about 3 %•hr-1). At 0 mM NaCl, reduced aeration had little effect on RGR. At 60 mM NaCl with continuous aeration, RGR was as high as that at 0 mM NaCl at 4 days after flowering, thereafter it became progressively lower than that at 0 mM NaCl. At 60 mM NaCl with reduced aeration, RGR was much lower than that at 0 mM NaCl throughout the measurement (about 1%•hr-1, during the day and night) ( Fig. 2) . In the autumn experiment, weather was fine on the day measurement of fruit RGR by volume was started (Oct. 4th), but, thereafter, days became cloudy with low irradiance. At 0 mM NaCl with continuous aeration, RGR was about 4 %• hr during the day, but, thereafter, it declined gradually as the days remained cloudy. Reduced aeration with 0 mM NaCl or 60 mM NaCl with continuous aeration had little effect on RGR, but with reduced aeration at 60 mM NaCl, RGR gradually became lower than that at 0 mM NaCl (Fig. 3) .
Percent dry matter of fruit
At 0 mM NaCl, percent dry matter of fruit was not affected by reduced aeration. In the spring and autumn trials, percent dry matter of fruit at 60 mM NaCl with continuous aeration tended to be higher than that at 0 mM NaCl. At 60 mM NaCl with reduced aeration, percent dry matter of fruit tended to be less than that at 0 mM NaCl in the spring experiment (Table 1) . Open symbols: 0 mM NaCl. Closed symbols: 60 mM NaCl. Circles: continuous aeration. Triangles: 5 min aeration in every hour. Four to 6 fruits were replicated in each treatment. Vertical bars are s. e. of means. NaCl was added to solution on May 30 th. Aeration treatment started on June 1st. The date of flowering was June 5 th for 0 mM NaCl with continuous aeration, and June 6 th for other treatments.
K, Na, and Cl concentrations in fruit
In both spring and autumn, K concentration in fruit tended to be reduced by NaC1 treatment, especially when aeration was reduced (Table 2) .
Na and CI concentrations in the fruit were very low at 0 mM NaCl, but were elevated by treatment with 60 mM NaC1 in both spring and autumn, especially when aeration was reduced ( (Tazuke, 1997) . That the influx of Na into maize shoot under NaCl salinity is enhanced when DO in nutrient solution was lowered was reported by Drew and Dikumwin (1985) and Drew and Lauchli (1985) .
Consitent with this finding, the Na concentration in cucumber fruit at 60 mM NaCl was increased by reduced aeration ( Table 2 ).
The effects of salinity on dry matter accumulation by the tomato were studied extensively.
Percent dry matter of tomato fruit under salinity increases with a relatively unchanged rate of dry matter accumulation and a reduced rate of water uptake by fruit (Ehret and Ho, 1986; Adams, 1991) . Ho et al. (1987) suggested that the concentration of sugars in phloem sap increases under salinity. In cucumber grown at 60 mM NaC1 with continuous aeration, percent dry matter of fruit increased with a relatively small change in fruit RGR (Table 1, Fig. 2) . Thus, the increased percent dry matter of cucumber fruit at 60 mM NaCl with continuous aeration may be attributed to an increased sugar concentration in the phloem sap and a relatively unchanged accumulation of water in the fruit. Percent dry matter of fruit at 60 mM NaCl tended to be lowered by reduced aeration (Table 1) which may result from a reduced sugar concentration in phloem sap.
